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DRUGS TO TREAT DIABETES

All figures and tables in this presentation were prepared by N. A. Clipstone, Ph.D.

Neil A. Clipstone, Ph.D.
Department of Molecular Pharmacology

1. Brief overview of glycemic control in normal vs diabetes

2. Drugs used to treat Type-1 diabetes

3. Drugs used to treat Type-2 diabetes

Lecture Overview

IMPORTANT POINTS TO FOCUS ON:
Indications for each specific drug

Mechanism of action

Effects on FASTING GLUCOSE vs POSTPRANDIAL GLUCOSE

Major differences between drug classes
- what distinguishes one class from another
- which class would be more beneficial to a given patient

Adverse Effects
- especially those that are life threatening

Contraindications
- circumstances where a particular drug should not be given

Diabetes Mellitus
Diabetes Mellitus is a metabolic disorder characterized by hyperglycemia caused by a defect in 
either: Insulin production, Insulin Responsiveness or a combination of these two.
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LIVER ADIPOSE MUSCLE

Low glucose

Glucose uptake
TG synthesis
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FFA/glycerol

Glucose uptake
AA synthesis
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Gluconeogenesis
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GLUCOSE

INSULIN

Normal regulation of blood glucose
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High glucose
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Effects of Diabetes on glucose control
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Diagnosis and Treatment goals of Diabetes Mellitus
Symptoms:
Type 1
Polyuria, polydipsia, glucosuria, unexplained weight loss despite polyphagia, 
fatigue & blurred vision and in some cases ketoacidosis

Type 2
Obesity, fatigue, polyuria and polydipsia can be present, although patients are often 
asymptomatic. IFG and IGT can be detected and precede the onset of diabetes.

Random plasma glucose >200 mg/dL or FPG > 126 mg/dL

Fasting plasma glucose

2hr Peak postprandial plasma glucose

Glycated hemoglobin (HbA1c)

Normal
Treatment

Goal

<100 mg/dL

<140 mg/dL

90-130 mg/dL

<180 mg/dL

<7.0%<6.0%

Pre-diabetes
IFG/IGT

100-125 mg/dL

140-199 mg/dL

Diabetes

>126 mg/dL

>200 mg/dL

>7.0%

Treatment Goals:
Try to achieve and maintain glycemic control as close to the normal range as possible 
to prevent the chronic complications of sustained hyperglycemia

i.e. retinopathy, neuropathy, nephropathy, CVD, peripheral vascular disease
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UKPDS:
UK prospective Diabetes Study

DCCT:
Diabetes Control and Complications Trials

The landmark UKPDS and DCCT trials

5,000 type 2 patients
1979-1991

1,500 type 1 patients
1983-1993

Conventional 
Therapy:
Diet alone

Intensive 
Therapy:

Diet + DRUGS

Conventional
Insulin 
Therapy

Intensive
Insulin 
Therapy

Tested the effects of attempting to maintain close to normal glycemic control 
on the occurrence of diabetic symptoms

Benefits of Intensive Therapy
76% RETINOPATHY

39% KIDNEY DISEASE
60% NEUROPATHY

57% NON-FATAL MI/STROKE 
or CVD DEATH

Benefits of Intensive Therapy
32% ANY DIABETES-RELATED ENDPOINT

36% MYOCARDIAL INFARCTION
42% DIABETES-RELATED DEATH
39% ALL CAUSE MORTALITY

Side effect of Intensive Therapy: INCREASED RISK OF HYPOGLYCEMIA

DRUGS TO TREAT TYPE 1 DIABETES

Insulin
Insulin replacement therapy currently only treatment for Type-1 diabetes 

- required for both glycemic control and survival

GOAL: To replicate the normal physiological production of insulin by the pancreas
- basal insulin (produced under fasting conditions)
- postprandial insulin (produced in response to each meal)
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Insulin: Mechanism of action
Insulin acts through its plasma membrane cell surface tyrosine kinase receptor

MUSCLELIVER ADIPOSE

• Stimulates hepatic glucose 
uptake via upregulation of the
GLUT4 glucose transporter

• Inhibits hepatic glucose 
production (gluconeogenesis 

& glycogenolysis)

• Stimulates glucose uptake
via upregulation of the

GLUT4 glucose transporter

• Promotes both AA uptake 
and protein synthesis,

thereby blocking the flow 
of gluconeogenic precursors 

to the liver (i.e. AA)

• Stimulates glucose uptake
via upregulation of the

GLUT4 glucose transporter

• Inhibits lipolysis and promotes
triglyceride storage, thereby

preventing the flow of 
gluconeogenic precursors to 

the liver (glycerol) and reducing
the energy substrate 

for gluconeogenesis (FFA)

INSULIN
Inhibits secretion 

of glucagon

Properties of commercially-available Insulin Preparations

Rapid-acting
Insulin aspart
Insulin lispro
Insulin glulisine

Regular Insulin

Intermediate acting
NPH Insulin
(Isophane)

Long acting
Insulin glargine

Insulin detmir

Formulation Onset Peak Duration Usage

Amino acid substituted 
insulin variants that are 
monomeric for faster 

absorption

Zinc ions added for stability; 
forms hexamers that 

dissociate into monomers 
prior to absorption

Conjugated with protamine 
peptide which delays 
absorption until it is

proteolytically cleaved by 
endogenous tissue proteases

Amino acid substituted insulin 
variant that forms large ppt at 

body pH and is slow to be 
absorbed

Insulin with fatty acid side chain 
that associates with tissue bound 
albumin that slows its absorption

5-15 mins 45-75mins 2-4 hrs

30-60 mins 2-4 hrs 6-8 hrs

1.5-2 hrs 6-10 hrs 16-24 hrs

~2 hrs No Peak 20->24 hrs

For meals or acute
Hyperglycemia;
Can be injected 

immediately before 
meals

For meals or acute
Hyperglycemia;

Needs to be injected
30-45 mins prior to meal

Provides basal insulin
and overnight 

coverage

Provides basal insulin
and overnight 

coverage
~2 hrs No Peak 6-24 hrs

Duration of action of Insulin Preparations

Fig 41-5 Basic and Clinical Pharmacology, 10th Edition

Postprandial
control

Overnight coverage
Control of fasting plasma glucose
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1. Insulin is given subcutaneously by either intermittent injections or continuous infusion
a) Insulin syringe 

b) Insulin pen 
- pre-filled disposable cartridge

c) Insulin Pump
- uses an onboard computer to deliver 
precise amounts of fast-acting insulin 
throughout the day

2. An inhaled form of insulin has been marketed (currently discontinued)
- poor patient take up
- still required injection of basal insulin
- concerns related to risk of lung cancer

3. Sites of injection include: 
- the upper arms
- thighs
- abdomen
- buttocks

- Sites should be continuously 
rotated to avoid lipodystrophy

Insulin Administration

55 yr-old male 
with type 1 diabetes 
who injected insulin 

at only two sites 
for last 40yrs

Insulin Therapy Regimens

Conventional Insulin Therapy
Twice daily injections of pre-mixed intermediate insulin (NPH) + regular insulin

- dose is typically 50-75% NPH + 25-50% regular/fast acting insulin

Goal: - To mimic normal insulin action to achieve near normoglycemia

- requires the administration of multiple doses of insulin every day

- demonstrated to prevent and/or slow the onset of diabetic complications.

Glycemic Goals: Fasting blood Glucose 90-130 mg/dL
2 hr Postprandial BG <180 mg/dL
HbA1c <7%
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Intensive Insulin Therapy
1. Provides a more physiological profile of insulin by administration of:

a) Once/twice daily basal insulin (NPH or glargine) to lower fasting glucose 

b) pre-meal bolus of rapid/fast-acting insulin to control postprandial glucose

Dose of pre-meal bolus determined by:
a) blood glucose levels
b) size and composition of meal (i.e. the amount of carbohydrate)
c) degree of anticipated physical activity

2. Intensive insulin therapy can achieve near normoglycemia and can significantly 
reduce the risk of diabetic complications

Drawbacks of Intensive Therapy
a) Patient commitment & effort required
b) Higher cost 
c) Increased risk of adverse effects
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Major Adverse Effect on insulin therapy: Hypoglycemia
Hypoglycemia: - Blood glucose level <60 mg/dL

- Potentially fatal if not promptly treated
- Caused by lack of glucose availability for the brain

Symptoms:
Mild hypoglycemia: - Tremor

- Palpitations
- Sweating 
- Intense hunger

Moderate hypoglycemia: - Headache
- Mood changes & irritability
- Decreased attention, drowsiness
- Patients may require assistance to help themselves

Treatment- oral dose of a simple carbohydrate

Severe hypoglycemia: - Unresponsiveness
- Unconsciousness
- Convulsions
- Prolonged severe hypoglycemia can result in death
- Patients require assistance for treatment

Treatment- IV glucose or glucagon (stims release of glucose from liver)

DRUGS TO TREAT TYPE 2 DIABETES

NON-DRUG THERAPIES

Diet and Exercise
Refined sugar 
Fat < 30% of energy intake
Saturated Fat < 10% of energy intake
Complex carbohydrate (low glycemic index)
Fiber 

Exercise 30 mins/day

Weight by 5%

Bariatric Surgery
Roux-en-Y gastric bypass surgery can restore normoglycemia in obese 
Type 2 diabetes patients 

- decrease in visceral obesity
- improves pancreatic function
- favorable effect on gut hormones

• Improved insulin sensitivity
• Reduced blood glucose
• Reduced blood pressure
• Improved lipid profile
• Increased longevity
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DRUGS AVAILABLE TO TREAT TYPE 2 DIABETES

2. Insulin Secretagogues

Sulfonylureas
Chlorpropamide (Diabinese®)
Tolbutamide
Glimepiride (Amaryl®)
Glyburide (Diabete®, Micronase®)
Glipizide (Glucotrol®)

Meglitinides
Repaglinide (Prandin®)
Nateglinide (Starlix®)

4. Inhibitors of 
carbohydrate digestion
-glucosidase inhibitors
Acarbose (Precose®)
Miglitol (Glyset®)

1. Insulin Sensitizers

Biguanides
Metformin (Glucophage®)

Thiazolidinediones
Pioglitazone (Actos®)
Rosiglitazone (Avandia®)??

6. Amylin Homolog

Pramlintide (Symlin®)

5. Insulin

Insulin glargine
Insulin detmir
NPH insulin
Insulin lispro
Insulin aspart
Insulin glulisine
Regular insulin

3. Incretin Mimics
and Modulators

GLP-1 homologs
Exenatide (Byetta®)
Liraglutide (Victoza®)

DPP-IV inhibitors
Sitagliptin (Januvia®)
Saxagliptin (Onglyza®)

= parenteral

7. Bile acid-binding
resin
Colesevelam (Welchol®)

GI TractPancreas Liver Muscle Adipose

GLUCOSE

Principal Sources of Hyperglycemia in Type 2-diabetes:
Sites of action of antidiabetic drugs
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Secretagogues
Sulfonylureas
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Exenatide

Metformin
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Exenatide
Pramlintide

Insulin

Metformin
Thiazolinidiones

Insulin

Metformin
Thiazolinidiones

Insulin

-glucosidase
inhibitors
Exenatide

Principal Sources of Hyperglycemia in Type 2-diabetes:
Sites of action of antidiabetic drugs
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Insulin Sensitizers
(dependent upon the presence of insulin for their effects)

Biguanides
Metformin (Glucophage®)

Thiazolidinediones

Pioglitazone (Actos®) Rosiglitazone (Avandia®)

Metformin
Metformin (Glucophage®)

Description:
a) Recommended initial drug of choice in treatment of essentially ALL type 2

patients unable to control glucose levels with diet and exercise alone

b) Oral anti-hyperglycemia drug that primarily lowers FASTING PLASMA GLUCOSE
• HEPATIC GLUCONEOGENESIS
• INSULIN SENSITIVITY/GLUCOSE UPTAKE in muscle, liver & adipose

- lowers HbA1c by 1.5-2.0%

c) Requires the presence of insulin for its effect, but does not increase pancreatic 
insulin production

ADVANTAGES
• Does NOT cause HYPOGLYCEMIA

• Unlike sulfonylureas/thiazolidinediones is not associated with WEIGHT GAIN

• Improves lipid profiles  FFA, triglyceride, LDL & HDL

• > 29 clinical trials demonstrate that metformin DECREASES the frequency of: 
- Myocardial infarction
- Diabetes-related death
- All cause mortality in type 2 patients

Metformin inhibits complex I of mitochondrial oxidative phosphorylation leading to an 
increase in AMP that in turn:

a) antagonizes GLUCAGON action by inhibiting adenylate cyclase activity
b) induces the activation of the AMP-dependent protein kinase (AMPK)

Metformin: Biochemical mechanism of action 

MUSCLE
Insulin sensitivity
Glucose uptake

AMPK

LIVER
Hepatic gluconeogenesis

Triglyceride/cholesterol synthesis
FA oxidation

ADIPOSE
Insulin sensitivity
Glucose uptake
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[AMP]

METFORMIN
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NADH ATP

mitochondrion
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Resistance
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FFA

First step in the
Electron transport chain

GLUCAGON

ADENYLATE 
CYCLASE

ATPcAMP

HEPATIC 
GLUCONEOGENESIS

FFA
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Metformin: Adverse Effects
a) Generally well-tolerated only ~5% of patients discontinue due to side effects

Most common adverse effect are GI (metallic/fishy taste), nausea, diarrhea

b) Inhibits absorption of vitamin B12- rarely causes megaloblastic anemia

RARE BUT SERIOUS ADVERSE EFFECT
Lactic Acidosis (<1: 100,000), but potentially FATAL (50% mortality)

- acidification of the blood caused by a build up of lactic acid

- Mostly associated with use of metformin in specific HIGH RISK patients 
e.g. renal/liver insufficiency , CHF, MI, Hypoxic states

Symptoms: deep and rapid breathing, vomiting, abdominal pain
and severe weakening of muscles in the legs and arms

GluconeogenesisLactate Glucose

LIVER

RENAL
CLEARANCE

METFORMIN

Glucose

Lactic
Acidosis

[Lactate][Lactate]

METFORMIN

Metformin: Contraindications
a) Women who are pregnant or lactating (insulin is preferred)

b) Patients with impaired RENAL/LIVER function
- metformin is entirely cleared by the kidney (90% unchanged)
- lactate also cleared by kidney 
- lactate is a substrate for hepatic gluconeogenesis

i.e. there is an increased risk of lactic acidosis in these patients

c) The elderly (>80 yrs) due to risk of lactic acidosis caused by renal insufficiency

d) Patients taking IODINATED CONTRAST AGENT for radiography studies due to
potential for contrast agent-induced acute renal failure

- metformin should be discontinued for 48 hrs (replaced with insulin therapy)

e) Any condition pre-disposing to Lactic Acidosis:
- Impaired renal function 
- Impaired liver function/alcohol abuse
- Congestive heart failure requiring drug therapy
- Myocardial Infarction- immediate withdrawal
- Shock and/or septicemia
- Serious acute illness e.g. viral infection
- Hypoxic or ischemic states- i.e. lung disease/COPD

Thiazolidinediones
Pioglitazone (Actos®) 

Rosiglitazone (Avandia®)- no longer available to new patients

Description:
“Insulin sensitizers” that increase the sensitivity of adipose tissue, 
skeletal muscle and liver to the effects of endogenous insulin.

Mechanism of Action:
a) Thiazolidinediones are agonists for the peroxisome proliferator-activated 

receptor- transcription factor (PPAR)

b) PPAR genes are expressed primarily in Adipose tissue, skeletal muscle, 
Liver, heart and macrophages

c) Activation of the PPAR transcription factor by thiazolidinediones 
influences the expression of multiple genes involved in promoting: 

- INCREASED INSULIN SENSITIVITY 
- DECREASED PLASMA GLUCOSE LEVELS
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PPAR RXR
PPAR-dependent genesPPRE

Rosiglitazone/
Pioglitazone

Hormone
Binding
domain

Thiazolidinedione-induced activation of PPAR increases 
systemic insulin sensitivity

Genes involved 
in FFA uptake/
FFA oxidation

(Adipose/muscle/liver)

TNF-
Resistin

(cytokines that
promote insulin

Resistance)

Adiponectin
(“adipokine”

Adipose/muscle
/liver)

GLUT4
Glucose

Transporter
(Adipose/muscle/liver)

Insulin sensitivity
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Glucose
Uptake

Systemic
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responsiveness
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(insulin sensitive)
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Hepatic
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lipid deposition
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Hepatic
glucose output
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Thiazolidinedione: Indications

a) Approved for monotherapy or in combination with either metformin, 
sulfonylureas or insulin in the treatment of type 2 diabetes

b) Primarily DECREASES FASTING BLOOD GLUCOSE with moderate 
effects on postprandial glucose

c) Decreases HbA1c by 0.5-1.4%

d) Takes 6-14 weeks to achieve maximum effect

Thiazolidinediones: Adverse Effects
a) Weight gain 

-mainly SubQ (insulin sensitive) not visceral (insulin-insensitive)

b) Fluid retention resulting in peripheral edema
- more common with concurrent insulin use
- expression of Na+ channel in the kidney collecting tubules 

Na+/H2O reabsorption
- risk of Heart Failure -BLACK BOX WARNING

c) Increased BONE FRACTURE RISK in women
Osteoblastogenesis/Osteoclastogenesis

d) Increased risk of BLADDER CANCER (some studies)

e) Hepatotoxicity

f) Rosiglitazone is associated with a 43% increased risk of myocardial infarction
and increased risk of cardiovascular death from all causes 

- FDA has imposed severe restrictions 
- Rosiglitazone is not available for new patients
- Effect not seen with pioglitazone (may even provide protection)



3/7/2013

11

Thiazolidinediones: Contraindications

a) Liver disease
- 1st thiazolidinedione drug troglitazone was removed from market 

due to increased fatalities caused by liver failure

b) Heart failure
- not to be given to patients with pre-exisiting class III/class IV
cardiac disease i.e. marked limitation of physical activity

- increased edema may exacerbate disease

c) Pregnancy

A. Sulfonylureas
Chlorpropamide (Diabinese®)

Tolbutamide

Glimepiride (Amaryl®)

Glyburide (Diabete®)

Glipizide (Glucotrol®)

B. Meglitinides

Repaglinide (Prandin®)

Nateglinide (Starlix®)

Slower onset
Long half lives

Rapid onset
Short half lives

Insulin Secretagogues
Drugs that stimulate insulin secretion

Long duration 
of effect

Primarily Affect 
Fasting
Glucose

Short duration 
of effect

Primarily Affect 
Postprandial

Glucose

Rarely 
used now

Sulfonylureas: Insulin Secretagogues
First generation sulfonylureas
(rarely used now)
Chlorpropamide (Diabinese®)
Tolbutamide

Second generation sulfonylureas
Glimepiride (Amaryl®)
Glyburide (Diabete®, Micronase®)
Glipizide (Glucotrol®)

Description:
Oral drugs that lower blood glucose levels by stimulating pancreatic beta cells 
to secrete insulin. 

Mechanism of action:
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Sulfonylureas: Uses
1. Long duration of glucose lowering effect (16-24 hrs)

- Stimulate insulin production in the absence of glucose

- Effect is sustained throughout entire 24 hr period

- Principal effect is to reduce Fasting Plasma Glucose

2. Used to control hyperglycemia in type 2 diabetes due to elevated FPG
- reduces FPG by 50-70 mg/dL and HbA1c by ~1.5-2.0%

3. Activity is dependent upon functional beta cells
- Most effective in patients who have had diabetes for <10yrs 
whose beta cells can still secrete significant levels of insulin.

- Less effective as disease progresses (due to beta cells)
~ 25% of new patients respond inadequately to drug (Primary failure)
~3-10% of patients lose responiveness each year (Secondary failure)

Duration
First Generation
Chlorpropamide 24-72 hrs
Tolbutamide 14-16 hrs

Second Generation
Glipizide 14-16 hrs
Glyburide 20-24+hrs
Glimepiride 24+ hrs

S
er
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lin

6am 9am 12pm 3pm 6pm 9pm 12am

Breakfast Lunch Dinner

Normal Insulin
response Effects of

Sulfonylurea
Risk

of hypoglycemia

Sulfonylureas: Adverse Effects

a) Hypoglycemia - patients with impaired RENAL/HEPATIC function 
- elderly 

b) Weight gain - primarily SubQ not visceral adipose tissue

SULFONYLUREA METABOLISM

ALL sulfonylureas are metabolized in the LIVER and excreted by the KIDNEY

Glyburide and Glimepiride  longer half life (>20-24 hrs)
 ACTIVE metabolites with reduced activity
 drug concentration and drug activity in 

RENAL/HEPATIC insufficiency

Glipizide  short acting sulfonylurea (14-16 hrs) 
 INACTIVE metabolites
 Maybe SAFER for patients with RENAL

insufficiency

Sulfonylureas: Contraindications
a) Elderly patients

- impaired RENAL function/lack of awareness of hypoglycemia
- Glipizide preferred in elderly patients

b) Patients with impaired Renal/Liver function 
- metabolism/excretion  risk of hypoglycemia
- Glipizide preferred in the presence of RENAL insufficiency
- Repaglinide is an alternative in the presence of RENAL insufficiency

c) Patients with type 1 diabetes 
- not effective due to beta cell deficiency

d) Pregnant or lactating women 
-potentially teratogenic (insulin preferred medication)

e) Patients with sulfa allergies

Sulfonylureas: Drug Interactions
Sulfonylureas are highly protein bound - therefore interacts with many drugs

e.g. salicylates, beta-blockers, warfarin & fibrates
sulfonylurea displacement  risk of hypoglycemia
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Meglitinides: Insulin Secretagogues
Repaglinide (Prandin®) Nateglinide (Starlix®)

Mechanism of action:
Meglitinides trigger insulin secretion by a similar mechanism to the sulfonylureas, but 

interact with a different region of the SUR1 subunit of the beta cell K+/ATP channel

Description:
Short acting glucose-lowering oral drugs that are structurally distinct from 
sulfonylureas, but act similarly to lower blood glucose levels by stimulating 
pancreatic beta cells to secrete insulin. 

Important Differences to sulfonylureas:
Effect is more RAPID, SHORTER DURATION and is GLUCOSE-DEPENDENT
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Meglitinides: Indications
1. Meglitinides are rapidly absorbed fast acting

glucose-lowering drugs used to reduce 
hyperglycemia in type 2 diabetes

- Time to effect ~ 15-30 mins
- Peak action- 30-60 mins
- short half lives- 60-90 mins
- reduce HbA1c by 1.0 - 1.5%
- Should be taken prior to, or with, meals

2. Both drugs stimulate a rapid burst of insulin secretion that mimics normal
“first phase” insulin production

- both effective at controlling POSTPRANDIAL GLUCOSE ELEVATIONS

- useful as most type 2 patients have defects in postprandial glucose control

- often used in combination with drugs that primarily affect FASTING PLASMA
GLUCOSE e.g. metformin or thiazolidinediones

3. Nateglinide stimulated insulin production is glucose-dependent and is 
rapidly reversed, whereas the Repaglinide effect is more prolonged (3-4 hrs). 

- Nateglinide affects primarily only POSTPRANDIAL GLUCOSE

- Repaglinide affects both POSTPRANDIAL and FASTING GLUCOSE

4. Low risk of hypoglycemia (esp Nateglinide)  compared to Sulfonylureas
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Type 2 diabetes patient

Meglitinides: Pharmacokinetics
Repaglinide - completely metabolized in the liver (3A4) to inactive metabolites

- 90% fecal elimination/10 % renal
- potentially alternative to a sulfonylurea in the presence
of renal insufficiency

Nateglinide - 80% metabolized in the liver (2C9/3A4) to inactive metabolites
- 80% metabolites and unchanged drug eliminated in the urine
- 20% metabolites/unchanged drug eliminated in feces
- Does not require dosage adjustment in renal insufficiency

Meglitinides:Adverse Effects
a) Hypoglycemia - although much less frequent than the sulfonylureas

b) Weight gain -similar to sulfonylureas

Meglitinides: Contraindications
a) Liver disease  - Both drugs are metabolized by the liver 

- increased risk of hypoglycemia

b) Not to be used in pregnancy



3/7/2013

14

Incretin Mimetics/Modulators
GLP-1 homologs
Exenatide (Byetta®)

Liraglutide (Victoza®)

DPP-IV inhibitors
Sitagliptin (Januvia®)

Saxagliptin (Onglyza®)

The Incretin effect
• Observation that plasma insulin levels induced in response to ORAL GLUCOSE
are greater than those induced by INTRAVENOUS GLUCOSE

• The incretin effect is mediated by the glucose-induced production of specific
polypeptide hormones factors produced by the cells of the GI tract (e.g. GLP-1) 
that act on the pancreatic beta cells to potentiate glucose-induced insulin production

• The incretin effect is reduced in patients with Type 2 diabetes

time

pl
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m
a 
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lin

Oral glucose

IV glucose

Incretin
Effect

Oral glucose

IV glucose

Due to elevated 
fasting glucose

pl
as

m
a 

in
su

lin

time

Reduced
Incretin effect

NORMAL TYPE 2 DIABETES

GLP-1 homologs
Exenatide (Byetta®), Liraglutide (Victoza®)

Description:
a) Exenatide and liraglutide are stable analogs of Glucagon-like peptide-1 (GLP-1). 

b) GLP-1 is a short-lived hormone made by the L cells of the small intestine that 
mediates the INCRETIN EFFECT on plasma insulin levels.

Mechanism of Action:
a) Exenatide binds to the GLP-1 receptor on pancreatic beta cells and potentiates 

glucose-induced insulin secretion when glucose levels are high

- As glucose levels fall, the effect of exenatide on insulin secretion diminishes
- little risk of hypoglycemia

b) Suppresses hepatic glucose production by inhibiting pancreatic production of 
GLUCAGON

c)  Promotes pancreatic beta cell survival- prevents beta cell loss

d) Slows gastric emptying- reduces glucose absorption

e) Increases satiety- reduces food intake
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Biological Actions of GLP-1

Degradation
t1/2= < 2mins

Dipeptidyl 
peptidase IV

(DPP-IV)

Exenatide/Liraglutide: Indications
a) Alternative to starting insulin in type 2 diabetic patients who have not

achieved glycemic control with other anti-diabetic medications.

b) Duration of action: Exenatide- 6-8 hrs and Liraglutide- 11-15 hrs

c) Peptide analog needs to be injected SubQ once/twice daily 
- new once weekly formulation now available

d) Acts to reduce both FASTING GLUCOSE and POSTPRANDIAL GLUCOSE
- reduces HbA1c by 0.5-0.7%

e) Little risk of hypoglycemia (due to glucose-dependence)

f) Promote modest WEIGHT LOSS (~ 6 lbs)- due to effects of satiety

g) New studies have discovered small molecule agonists of the GLP-1 receptor
- may pave the way for the development of ORAL incretin mimetics

Adverse Effects
Frequent (30-45%): Nausea, vomiting & diarrhea -limits use of medication

Rare: Increased risk of PANCREATITIS- BLACK BOX WARNING (Controversial)
- treatment should be stopped immediately if symptoms are observed 

Dipeptidyl peptidase (DPP) -IV inhibitors
Sitagliptin (Januvia®); Saxagliptin (Onglyza®)

Description:
a) Oral medications taken once daily

b) Rapidly absorbed, peak within 1-4 hrs and effective for 24 hrs 

c) Approved as either a monotherapy or as an adjunct therapy for 
type 2 diabetes together with either metformin or a thiazolidinedione

Mechanism of action:
a) Inhibitors of DPP-IV, the peptidase that inactivates GLP-1

- therefore promote the actions of GLP-1

b) Decrease both FASTING and POSTPRANDIAL glucose
- decreases HbA1c by 0.48-0.61%

c) No effect on weight loss/Not associated with hypoglycemia

Adverse Effects:
a) Longterm consequences not known- effects on metabolism of other hormones?

b) Increased risk of Pancreatitis (RARE)- BLACK BOX WARNING
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Alpha-glucosidase inhibitors
Acarbose (Precose®) & Miglitol (Glyset®)

Description:
Drugs that reduce postprandial blood glucose levels by inhibiting the digestion
of polysaccharides in the small intestine

Mechanism of Action:
a) Inhibit alpha-glucosidase: the  enzyme lining the brush border of the 

small intestine responsible for the hydrolysis of dietary carbohydrates
- Delays the absorption of glucose and other monosaccharides

Alpha-glucosidase inhibitors: Indications
a) Control of POSTPRANDIAL hyperglycemia-should be taken with each meal

b) Do NOT cause HYPOGLYCEMIA

c) LESS POTENT than sulfonylureas/metformin- decrease HbA1c by only 0.5-0.8%

d) NOT considered FIRST LINE anti-diabetic drugs 

DIETARY
CARBOHYDRATE Absorbed GLUCOSE

alpha-glucosidase

Acarbose/Miglitol

Small instestine

Alpha-glucosidase inhibitors: Adverse Effects
a) GI side effects

- Unabsorbed carbohydrate causes abdominal pain and flatulence
- 25-45% of patients discontinue due to GI side effects
- limits clinical use

b) Do not cause hypoglycemia, but can increase it when given with either a 
sulfonylurea or insulin

- patients should be treated with oral glucose not sucrose

Alpha-glucosidase inhibitors: Contraindications
a) Chronic intestinal disease

b) Inflammatory bowel disease

c) Colonic ulceration or intestinal obstruction

Colesevelam- Bile acid binding resin
Description:
LDL-lowering drug that is used as an Adjunct “Add On” anti-diabetic therapy to 
reduce blood glucose levels by indirectly increasing expression of GLP-1

Mechanism of Action:
a) Colesevelam binds bile acids in the small intestine forming insoluble complexes

that are excreted in the feces

b) Prevents reabsorption of bile acids  increased bile acid synthesis

c) Bile acids bind to the TGR5 GPCR expressed on intestinal cells to stimulate 
GLP-1 secretion

Colesevelam: Indications
a) Add on therapy to metformin, sulfonylureas or insulin

b) Decreases HbA1c by ~ 0.5%

c) NOT considered FIRST LINE anti-diabetic drugs

d) Useful in patients that also exhibit elevated LDL-cholesterol levels 

FYI FYI
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Insulin and related therapy
Insulin lispro
Insulin aspart

Insulin glulisine
Regular insulin

NPH insulin

Insulin glargine
Insulin detmir

Amylin homolog
Pramlintide (Symlin®)

Insulin Therapy and the treatment of type 2 diabetes
a) Insulin is often required for glycemic control in Type-2 patients

- as type 2 diabetes progresses  beta cell function

b) Insulin is the most effective medication at lowering hyperglycemia
- should be considered as an initial therapy for patients presenting 
with HbA1c > 10%

c) Insulin is indicated in anyone with recent onset of diabetes accompanied by 
significant weight loss, polyuria and polydipsia - may represent late onset type 1

d) Insulin is the preferred 2nd line agent in type-2 DM patients with HbA1c > 8.5%

e) Insulin Therapy in type-2 diabetes:
- Initial therapy should be a BASAL INSULIN (i.e. NPH/glargine) once/twice 
a day to lower FPG levels by inhibiting hepatic gluconeogenesis

- If necessary, regular/rapid-acting insulin can be added before meals to 
control postprandial glucose excursions.

Note: Due to insulin resistance, type-2 diabetics require considerably more
Insulin compared to the doses used in the treatment of type-1 diabetes

Amylin homolog
Pramlintide (Symlin®)

Description:
a) Pramlintide is a synthetic analog of human amylin

Amylin is an endogenous polypeptide hormone that is co-secreted with 
insulin and additionally contributes to postprandial glucose control

- Amylin production is absent in patients with diabetes

b) Pramlintide is used as an adjunct therapy together with insulin in both Type-1 
and Type-2 diabetes

Mechanism of Action:

Because of short duration of action (2-3 hrs) primarily 
acts to decrease postprandial glucose elevations

Gluconeogenesis
Glycogenolysis

Rate of glucose
absoprtion

Pramlintide

Hepatic 
Gluconeogenesis

Postprandial
Glucagon

Slows gastric
emptying

Increases
Satiety

Glucose 
production

Food 
intake
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Pramlintide: Indications
a) ADJUNCT therapy in either TYPE 1 or TYPE 2 patients that are using insulin

but who have NOT achieved adequate glycemic control

b) Pramlintide provides postprandial glucose control and needs to be injected
in parallel to insulin prior to each meal

time of onset = 20 mins/Elimination half life= 48 mins

c) The effects of pramlintide are ADDITIVE to insulin and it reduces the amount of 
short-/rapid-acting insulin required (reduce insulin dose by 50%)

d) Pramlintide reduces HbA1c by 0.5-0.7%

e) Promotes modest weight loss (maybe due to GI effects)

Pramlintide: Adverse Effects
a) Nausea, vomiting, anorexia, headache

b) Together with insulin it INCREASES the risk of SEVERE HYPOGLYCEMIA
- i.e. the need to reduce insulin dose by 50%

normal

Impaired
glucose

tolerance

Type 2 diabetes

0-5 yrs 5-15 yrs >15 yrs

No
Treatment

Diet Diet +
Metformin

Combination Therapy
+ Insulin

Increasing severity of Disease

Changing requirement for drug therapy during 
disease progression 

Relative 
ability to 
secrete 
insulin

Recommendations of ADA and EASD for the treatment of 
type 2 diabetes

Initial Diagnosis

Therapeutic Lifestyle Change
Diet and Exercise

Metformin

Metformin
+ Sulfonylurea

Metformin
+ Thiazolidinedione

Metformin
+ Exenatide

Metformin
+ Insulin

• Least expensive
• Risk of hypoglycemia

• Low Risk hypoglycemia
• Risk of CVD

• Maybe beneficial
in overweight 

patients

• Most effective
especially if 

HbA1c >8.5%

a) Add third medication
b) Add insulin
c) Intensify Insulin regimen

If glycemic goal 
not achieved

HbA1c > 7%

HbA1c > 7%

Improves: Weight loss
Blood pressure
Lipid profile

• Safe
• Promotes weight loss
• Improves Lipid profile
• Risk of CVD
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Summary Drug Charts

Differences between major drug classes

Mechanism of action

Effects on 
FASTING GLUCOSE vs POSTPRANDIAL GLUCOSE

Adverse Effects
-especially those that are life threatening

Contraindications 

Important points to focus on!

Properties of commercially-available Insulin Preparations

Rapid-acting
Insulin aspart
Insulin lispro
Insulin glulisine

Regular Insulin

Intermediate acting
NPH Insulin
(Isophane)

Long acting
Insulin glargine

Insulin detmir

Formulation Onset Peak Duration Usage

Amino acid substituted 
insulin variants that are 
monomeric for faster 

absorption

Zinc ions added for stability; 
forms hexamers that 

dissociate into monomers 
prior to absorption

Conjugated with protamine 
peptide which delays 
absorption until it is

proteolytically cleaved by 
endogenous tissue proteases

Amino acid substituted insulin 
variant that forms large ppt at 

body pH and is slow to be 
absorbed

Insulin with fatty acid side chain 
that associates with tissue bound 
albumin that slows its absorption

5-15 mins 45-75mins 2-4 hrs

30-60 mins 2-4 hrs 6-8 hrs

1.5-2 hrs 6-10 hrs 16-24 hrs

~2 hrs No Peak 20->24 hrs

For meals or acute
Hyperglycemia;
Can be injected 

immediately before 
meals

For meals or acute
Hyperglycemia;

Needs to be injected
30-45 mins prior to meal

Provides basal insulin
and overnight 

coverage

Provides basal insulin
and overnight 

coverage
~2 hrs No Peak 6-24 hrs

Lente Insulin - DISCONTINUED

UltraLente Insulin - DISCONTINUED
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Sulfonylureas
Chlorpropamide/Tolbutamide

Glimepiride/Glipizide/
Glyburide

Meglitinides
Repaglinide/nateglinide

Metformin

Mechanism
HbA1c

Decrease
Advantage Disadvantage Contraindications

Inhibits mito complex IAMP
Adenylate cyclase/AMPK

Hepatic gluconeogenesis
Glucose utilization
Insulin resistance

Lowers fasting glucose,
Weight loss,

Improved lipid profile,
No hypoglycemia

 Frequency MI/Death

Lactic Acidosis,
GI side effects,
absorption B12

Elderly >80 yrs 
pregnancy

Renal failure, MI
Congestive heart failure,

Liver disease/alcohol abuse, 
Hypoxia/Shock/septicemia,
Iodinated contrast agent 

Inhibits -cell K+ channel
(Kir6.2/Sur1) resulting in 

Insulin secretion

Inhibits -cell K+ channel
(Kir6.2/Sur1) resulting in
glucose-dependent

Insulin secretion

Lowers fasting glucose

Fast acting/Short duration
Postprandial glucose

 Hypoglycemia risk
Weight gain

Hypoglycemia
Weight gain

Pregnancy
Liver disease

Pregnancy
Renal/Liver disease

Sulfa allergies
Type-1 diabetes

Elderly

Pramlintide

Exenatide
Liraglutide

(Incretin mimetic: Analog of 
glucagon-like peptide-1)

Amylin mimetic

Postprandial glucagon 
Hepatic gluconeogenesis

Slows gastric emptying
Satiety

Postprandial glucose
Weight loss

Requires injections 
Nausea

Hypoglycemia
(especially with insulin

-need to reduce insulin by 50%)

GLP-1 analog
Potentiates glucose-induced

Insulin release
Pancreatic glucagon

Hepatic gluconeogenesis
Slows gastric emptying

Satiety

Fasting glucose
 Postprandial glucose
Little risk hypoglycemia

Weight loss

Requires Injections
Nausea
Risk of 

Pancreatitis (RARE)

~1.5%

~1.5%

1-1.5%

0.5-0.7%

0.5-1.0%

Duration of
Effect

6 hrs

Tol/Glip
14-16 hrs

Chlor/Gly/Glim
24+ hrs

2-4 hrs

Alpha-glucosidase 
Inhibitor

Acarbose/Miglitol

Inhibits carbohydrate 
Digestion in GI tract

Glucose absorption

Postprandial glucose
No risk hypoglycemia

Significant GI 
side effects

Chronic intestinal
Disease

Inflammatory bowl disease
Colonic ulceration

0.5-0.8% 3-4  hrs

Thiazolidinediones
Pioglitazone/Rosiglitazone**

Agonist of PPAR
Transcription Factor

Insulin sensitivity
Glucose utilization
Insulin resistance

Lowers fasting glucose
Decreases triglycerides

Weight gain (subQ)
Fluid retention

 HF risk
CVD risk (Rosiglit)

Bone fractures in women
Increased risk bladder cancer

Liver disease
Stage III/stage IV

Congestive Heart Failure
CVD

Pregnancy

0.5-1.4% weeks

2-3 hrs

Ex ~6-8  hrs
L ~11-15 hrs

(Used as adjunct therapy 
with insulin in both 
Type 1 and Type 2

-reduce insulin by 50%)

Sitagliptin
Saxagliptin

0.48-0.61%

Inactivates DPP-IV
the GLP-1 peptidase

(potentiates GLP-1 action)

 Fasting glucose
Postprandial glucose
Little risk hypoglycemia

~24 hrs
Potentially

Risk of Pancreatitis 
(RARE)


